Objective. To investigate to what extent differences in diagnosed diabetes prevalence can be attributed to differences in the general practitioner's (GP) screening activity. Design. An analysis of electronic patient fi les in combination with a survey among GPs. Setting. Ten primary healthcare centres with 44 GPs in the Netherlands. Patients. General population (n = 58,919) and type 2 diabetic patients (n = 2582). Main outcome measures. Each GP fi lled in a questionnaire with questions concerning screening methods for diabetes. The presence of diabetes and date of diagnosis were determined. The potential confounding variables age, sex, and postal code (which we used to determine socioeconomic status) were retrieved from patient records. Results. The yearly point prevalence of diabetes increased signifi cantly from 2. High screening activity of the general practitioner resulted in statistically signifi cantly higher odds (1.35; p = 0.015) of being diagnosed as a patient with diabetes. The effect was independent of the infl uence of age, gender, and socioeconomic status. Conclusion. Screening activity of the GP has a statistically signifi cant and relevant infl uence on the prevalence of diagnosed diabetes. General practitioners should evaluate their screening activity to optimize the identifi cation of diabetic patients.
Diabetes mellitus type 2 is a common disease with serious consequences. In Western countries as well as in developing countries the prevalence of diabetes is increasing [1] [2] [3] [4] [5] [6] . Approximately 24-30% of diabetes remains undiagnosed [1, 7, 8] . Finding diabetic patients in an early stage of their disease is assumed to reduce the occurrence of morbidity and mortality [9, 10] . It is known that considerable differences in diabetes prevalence exist between primary care practices [11, 12] . Different factors, such as differences in age and socioeconomic status, could explain part of this variation. Active screening should logically increase the incidence and prevalence of diabetes by changing the ratio of diagnosed versus undiagnosed diabetes. This raises the question of whether differences in diabetes prevalence can be attributed to screening activity. To our knowledge only one article by Whitford et al. has been published regarding the infl uence of screening activity on the prevalence of diabetes [13] .
They selected a random sample of 20% of all patients with diabetes from 42 general practices in England and correlated patient and practice characteristics with diabetes prevalence. The main fi nding was that socioeconomic status rather than screening activity Diabetes prevalence is rising dramatically, but it is unknown to what extent differences in diabetes prevalence can be attributed to screening activity. The electronic records of all diabetic patients were retrospectively examined to obtain the date of diagnosis of diabetes. For the date of the diagnosis we used the date the diabetes was fi rst documented by the GP. When correct documentation was absent, we determined the date of diagnosis on the basis of deviant blood glucose levels in the laboratory results, or the fi rst day anti-diabetic medication was prescribed. We used the running database for patients who were registered in the practice and the archive for the patients who had died or moved during the study period. From every patient in the database (diabetic and non-diabetic) we looked up the date of birth, gender, and postal code.
Deprivation score
Data on socioeconomic status were retrieved from the Social and Cultural Planning Offi ce of the Netherlands [15] . They provided us with a deprivation score per postal code. The determination of the deprivation score is based on continuous telephone surveys in every postal code area in the Netherlands. Every four years this information is updated. This way we could determine the socioeconomic status for all the patients registered in the general practices. The deprivation score is based on unemployment, level of education, and income. A higher deprivation score correspondends to a lower socioeconomic status.
Statistical analyses
The collected data of all patients were analysed with SPSS 13.0 and SAS 9.1 for Windows. We calculated the prevalence of diabetes for 2000 and 2005 and the yearly incidence between these years. Linear regression was used for the signifi cance of the trend in incidence.
The differences in mean age and deprivation score between diabetic and non-diabetic patients were calculated with t-tests. The differences between these groups in gender and age (over 65 years or aged 45 to 64 years) were calculated using a chi-square test.
The infl uence of screening activity was calculated using GEE modelling, a method that accounts for the multilevel data structure, assuming an unstructured correlation matrix. GEE modelling was done using the PROC GENMOD module of SAS 9.1. Liang and Zeger (1986) introduced GEE as a method accounted for the variation in prevalence between practices.
It is important to know whether and to what extent the general practitioner (GP) can contribute to effective screening. We studied the prevalence and incidence of diabetes type 2 in the regular primary healthcare setting between 2000 and 2005, and determined the infl uence of the GP's screening activity.
Material and methods

Design
We performed a study among 44 GPs who were assessed on the methods they used to screen for type 2 diabetes mellitus. The screening activity was subsequently related to diabetes prevalence in their practices. We adjusted for differences between practices in age, gender, and socioeconomic status.
Setting
We performed our study among 44 GPs. Most of these GPs work together in primary healthcare centres (10 sites). The healthcare centres are located in the Netherlands, and are linked to the Maastricht University Registration Network (RNH) [14] . Due to the connection to the RNH, the GPs are well trained and conscientious at keeping electronic medical fi les for their patients. Information on this study was given to the participating GPs in August 2006.
Assessment of screening activity
We constructed a checklist (see Table II ) on which the GP could indicate whether they screened patients with risk factors when they came to the surgery for another reason (targeted screening), and/or whether they specifi cally invited certain risk groups (e.g. hypertension, manifest cardiovascular disease, disturbed lipid spectrum, or overweight) to invite them for blood glucose testing (screening programme). This checklist was administered to 38 GPs. Six GPs were employed after 2005 and were therefore not invited to fi ll in the checklist. We measured the compliance with 12 possible targeted screening measures and four possible screening programmes. Each targeted screening measure was scored with one point; specifi c screening programmes were considered more comprehensive and were thus scored with two points, resulting in a maximum score of 20 points.
Patient population
Every patient registered in the 10 healthcare centres was included in the study, resulting in a total study In 2000 the mean incidence was 3.29/1000 person-years and increased to 5.13/1000 person-years in 2005 (Figure 1 ). The yearly increase in incidence was statistically signifi cant (B = 0.507, CI = 0.087 to 0.926). The practice with the highest incidence in 2003 took part in a screening programme that had started that year.
Patient characteristics
The age, sex, and deprivation scores of diabetic patients and non-diabetic patients are given in Table I . The diabetic patients were older and had a statistically signifi cantly higher deprivation score (p Յ 0.001), which represents a lower socioeconomic status. Table II shows the different screening activities and the distribution between GPs. Besides screening in patients with symptoms possibly related to diabetes, it showed that almost all GPs screened for diabetes on request and when a patient with hypertension and cardiovascular disease visits the practice. Other targeted screening activities were less common. Most of the GPs did not engage in specifi c screening programmes. The GPs scored on average 9.9 (range 6 to 18) points on our screening activity questionnaire.
Screening activity
of dealing with correlated data when the data can be modelled as a generalized linear model [16] . This method can be applied to correlated binary data as in this case. That is, observations from all patients from one practice are somewhat correlated, thereby violating the assumption of independence needed for standard logistic regression. Since patients within a healthcare centre cannot be linked to individual GPs, an average screening score for each centre was calculated and included in the model. The effect of screening activity was adjusted for differences in socioeconomic status, age, and sex of the patients. A p-value < 0.05 was considered statistically signifi cant.
Results
Prevalence and incidence
On 31 December 2005 the 10 healthcare centres had a total population of 60,704 patients. The mean age of the total patient population was 41.3 years (range 38.8 to 44.7), 48.9% of the patients were male. A total of 2582 patients were diagnosed with diabetes type 2, resulting in a point prevalence of 4.25%. The prevalence between practices varied from 2.97% to 6.39% (SD 1.04). In 2000 the prevalence was 2.92% (range between practices: 2.04% to 4.03%; SD 0.65). The increase in prevalence between 2000 and 2005 was statistically signifi cant (p = 0.002). 
Discussion
Our study demonstrates that an increase in the GP's screening activity by fi ve points on our screening score is associated with a 35% higher prevalence of diagnosed type 2 diabetes patients. Not much is needed to increase the screening activity score by fi ve points. Our results indicate that adopting for example one screening programme and three targeted screening activities will be suffi cient to increase the prevalence by 35%. This effect is large enough for the lowest observed prevalence rate to come close to the average. The observed 2.92% prevalence of diabetes in 2000 in our population was comparable with the outcome of other studies [5, 17] . Wild et al. [18] predicted that the prevalence of diabetes will be 4.4% in 2030. Our 4.25% prevalence in 2005 already approached this predicted prevalence, but is similar to the incidence trend reported by Ryan et al. [19] , suggesting an even worse picture than anticipated. However, as we have shown, the rise in screening activity may have contributed to the observed increase in prevalence. The infl uence of screening activity will probably decrease in the coming years if more and more GPs adopt more screening activities. The increase in incidence will than depend on changes in patient characteristics such as obesity or physical inactivity.
The signifi cant correlation between socioeconomic status and the prevalence of diabetes corresponds with earlier studies [13, [20] [21] [22] . Our observed association between diabetes diagnosis and screening activity is in line with a recently published paper by Janssen et al. [12] . They showed that having a practice assistant involved with diabetes results in a higher prevalence of diabetes. Probably the higher prevalence due to the presence of a practice assistant is the result of increased screening activities such as we describe. Our results are in contrast, however, with the results of Whitford et al. [13] . In our opinion the main difference between the two studies can be attributed to differences in statistical power and measurement accuracy. Whitford et al. measured and analysed the variables at practice level, thus including 42 cases in the analysis. By adjusting for independent parameters,
Infl uence of screening activity
The multilevel GEE regression analysis showed that screening activity is statistically signifi cantly related to the presence of a diabetes diagnosis. The odds ratio for screening activity indicates that patients have a 35% higher chance of being registered as having diabetes type 2 for every fi ve-point increase in screening score of his or her GP.
The odds ratio was adjusted for differences in age, gender, and socioeconomic status. These confounding variables were also statistically signifi cantly related to diabetes diagnosis, meaning that the elderly, males, and people with low socioeconomic status had a higher chance of being diagnosed as a diabetic patient (Table III) . fi nd large and statistically signifi cant differences in diabetes prevalence in relation to screening activity. With a less homogeneous population and thus larger differences between centres, the chance of fi nding statistically signifi cant differences would probably increase. Therefore, we expect that if there is bias in our estimation this would probably mean that we underestimated the effect of screening activity.
Another potential source of bias is incomplete control over confounders. In our study we controlled for possible differences between practices in age, gender, and socioeconomic status of their patients. In our opinion these are the most important potential confounders for the relationship between screening activity and depression prevalence. However, as in every observational study, it is never certain whether there could be additional non-measured confounding.
measured on a patient level as well as GP level, where applicable, the multilevel model generates a more precise estimate of the risk of a patient for having diabetes, thereby diminishing statistical variation and thus increasing the power of our study to estimate the infl uence of the independent parameter on a GP level. In addition, Whitford et al. did not compose a screening activity score as we did in our study. This could also explain the difference between our study and a study by Jansson et al. that also did not fi nd large differences in diabetes incidence from 1972 to 2001, despite changes in diagnostic criteria during the study period [23] . By calculating a total screening score we were able to measure screening activity accurately, which could have led to more contrast between practices and thus statistical power. It cannot be ruled out that differences between the studies are due to the differences in setting and time. For example, it is possible that when we performed our study differences between practices as regards screening activity were larger than in 2000.
Since we calculated a total screening score and determined the average score per healthcare centre, we could only determine general trends in the relationship between screening and prevalence. However, it is possible that some screening activities have a larger effect on prevalence than others. It is for example possible that adopting screening programmes for patients with obesity and/or hypertension has a bigger infl uence on prevalence than others. Obesity for example is the major risk factor for diabetes [24] , but the majority of GPs in our study did not screen obese patients. To identify which screening programme is most effective, further research is needed with more practices and more variation in screening programmes.
This study was done in all 10 healthcare centres that have a close collaboration with our department and are used to register patient information. The databases of these centres are frequently used for primary care research. This could have implications for the generalization of our results. It is possible that the centres included in our study are rather homogeneous when it comes to quality of care, or in adopting new strategies etc. Despite this homogeneity we 
